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1. INTRODUCTION 

Nowadays to meet the total energy consumption demand of the world, it is better to look towards 
RDG. The RDG system which is connected at the consumer level of power grid is called DG [1]. The main 
problem with such DG is islanding. Islanding is caused, if the RDG is supplying power to load connected due 
to failures in the grid [2]. The islanding is unsafe to field persons and equipments connected because 
the servicing persons are not mindful that the frame up is connected and supplying with DG near. The main 
causes of such unintentional islanding are due to the failures detected by the grid, accidental opening of 
circuit breaker (CB) at the grid, intentional opening of CB for maintenance, human errors and an act of 
nature [3]. The basic grid interfacing rules listed in the Table 1, needs that it is necessary to disconnect the 
DG source within 2 seconds after islanding, because if the island load is more or less, then it leads to 
variations in the voltage, frequency, active, reactive powers outside the standards, which may hazardous to 
customer loads connected to it and sometimes for DG [4-6]. The islanding detection methods are classified as 
local and remote techniques; again the local techniques are classified as active, passive and hybrid 
techniques. 

By injecting small disturbance at PCC for some cycles and observing the deviations in the output 
signal active methods will detect the islanding [7-11]. In the grid connected system, the system absorbs the 
local disturbance and considerable deviations are not observed. However, more deviations are observed in the 
output signal if the system is islanded. Active methods are more efficient than passive methods with less 
NDZ, but they are affecting the power quality [12-16]. The region or range of values where islanding 
detection method fails to detect islanding is called NDZ [17]. In passive techniques, regional parameters such 
as voltage, frequency, current, phase angle, THD are monitored at the PCC, if their changes are beyond a 
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certain threshold level then islanding is detected [18]. The hybrid methods are the combination of both active 
and passive methods. When a passive method suspects islanding, active method will come into action and 
confirm the islanding. These methods have less NDZ than passive methods, but they degrade the power 
quality [19-24]. Rate of change of frequency (ROCOF) [25], [35], the rate of change of active power 
(ROCOAP) [26], phase angle difference [27], the rate of change of voltage (ROCOV) [28], the rate of change 
of reactive power ROCORP [29], over under voltage / over under frequency (OUV/OUF) [30] are some 
passive methods, they are suffering with the large NDZ, and fails to detect islanding at low or zero power 
imbalance conditions. The combination of any two passive parameters is used to reduce the NDZ, 
like ROCOF and output power [31], ROCOV and THD [32], ROCOV and power factor [6], [28], ROCOV 
and ROCOF [33], ROCOAP combination with ROCORP [34]. These methods will reduce the NDZ to less 
compare to single parameter passive techniques. But most of the passive methods fail to detect islanding at 
low or zero power imbalance conditions. 


Table 1. Islanding Detection Time, Frequency and Voltage Ranges of Various Standards 








Standard Quality factor Island detection time, t (ms) Range of frequency Voltage range 
IEEE 1547 1 t< 2000 59.3 <f< 60.5 88% < V< 110% 
IEC 62116 1 t< 2000 fy - 1.5 Hz< fy +1.5 Hz 85% <S V< 115% 
Korean standards 1 t< 500 59.3 <f< 60.5 88% < V< 110% 
UL 1741 <1.8 t< 2000 Setting value Setting value 
VDE 0126-1-1 2 t< 200 47.5 Hz< f< 50.2 Hz 80% < V < 115% 
IEEE 929-2000 2.5 t< 2000 59.3 <f< 60.5 88% < V< 110% 
AS47773-2005 1 t< 2000 Setting value Setting value 





In this paper a hybrid islanding detection scheme is presented with ROCOF passive method and an 
active method of reactive power injection with positive feedback. The ROCOF passive method will suspect 
the islanding, when the frequency disturbance is observed. The reactive power injection based active method 
will confirm the islanding and non islanding events by changing the direction of injected reactive power. 
It will reduce the NDZ to zero and can also detect balanced islanding. 


2. TEST SYSTEM FOR ISLANDING IN DG 

The test system considered for islanding detection with proposed method is shown in Figure 1. 
It consists of 100 KW solar DG, connected to the grid (3 phase voltage source) at the distribution level of the 
power system. The intentional islanding is developed by opening the CB at the PCC. 


_ Step up Power Grid 
~~ Transformer 






PV Panel DC/DC 3 phase = 
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Load 
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Figurel. Test system under study 


The step wise procedure as per IEEE 1547 standards, employed for testing the proposed method is as 
follows. 
Step 1: 100 KW PV system, maximum power point tracking (MPPT) boost converter, inverter, load and grid 
are connected as shown in Figure 1. The CB is closed and the inverter exports the power to grid at unity 
power factor (UPF). 
Step 2: The inverter is programmed, so that it can trips the solar DG, as per IEEE 1547 voltage and frequency 
standards shown in Table 1. 
Step 3: By opening the CB at PCC, the intentional islanding is created and the plots are recorded. 
Step 4: If any frequency deviations are observed after islanding, the reactive power is injected and again its 
sign changed, to confirm the islanding. 
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3. ISLANDING DETECTION METHOD 

The hybrid islanding detection methods uses both the features of active and passive methods to 
confirm the islanding and non islanding events. The passive ROCOF method will suspects the islanding, 
if the ROCOF is disturbed from the study state value. The reactive power injection based active method will 
confirm the islanding, by injecting the reactive power. 


3.1. ROCOF passive Islanding Detection Scheme 

The passive ROCOF relay (Figure 2) will work on the equation given in (1- 2). The frequency is 
found with three phase locked loop (PLL) from voltage signals at PCC. The effective value of ROCOF is 
calculated by (1), having a measurement window of 500ms and the trip signals are sent to the CB if the 
calculated effective value of ROCOF ‘B’ is more than a threshold value [24], [36]. This method has 
advantages; it cannot trips for non islanding cases. 
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Figure 2. Passive ROCOF relay for islanding detection 
1 1 \df 
ROCOF = — > |~(k) (1) 
n k=1| dt 
Where, n = AE 
T; 
n= number of samples for a window size of At. 
k=1, 2, 3.0.0... n' sample and 


T,= Sampling time 





- (k) = Ma)-te - Ar) 


(2) 


f (1, ) - Value of frequency at the time of k™ sample ce. ty. 


f (t, - Ar) - Measured value of frequency, At before the k" sample time i.e. t, —At. 


The ROCOF relay operation depends on the imbalance between load and generation and frequency 
changes at PCC. But this method fails to detect balanced islanding. 


3.2. Reactive Power Injection based Active Islanding Detection Method 

When the system is changing from grid connected mode to islanding mode, the frequency deviations 
are occurring at PCC, depending on the shape of reactive power injection. One of the already existing 
methods is, injecting the discontinuous square wave of 5% rated current. This is effecting the power, 
power quality and reducing the power factor. To overcome these power quality issues, the reactive power is 
injected with 1% of rated current as a triangular wave. Hence, the injected reactive power is very small and 
cannot degrade the power quality [35]. The power factor at PCC is given by (3) 


2 2 
Bs ?nG / ens Qinjected () 


When the system is operating at rated power, the power factor may go down to 0.9999, hence this 
reduction may be neglected. If the positive reactive power is injected, the frequency deviations will increases 
and if the negative reactive power is injected, the frequency deviations will decrease. 
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3.3. Proposed Hybrid ROCOF Relay for Islanding Detection 

The proposed hybrid islanding detection method uses passive ROCOF relay presented in Section 3.1 
and active method presented in Section 3.2. When the CB shown in Figure 3 is closed, the test system is 
working in grid connected mode and if the CB is opened the test system will work in islanding condition. 


Transformer CB PCC 
es 


A 











SS 4 ss 
Gad AP+jAQ_ Pog+ pc 
<— 
a 
PLoad 4 Qh oad gS 











Figure 3. Active and reactive powers in grid connected and islanding operation 


In grid connected mode the active and reactive powers received by the load are given by (4-5) 


‘gad pe 4) 
Qroad = 2pG + AP (5) 
Where Pr oad? OQ, wad? DG? One: AP and AQ are load active power, load reactive 


power, active power supplied by DG, reactive power supplied by DG, grid active power and grid reactive 
power respectively. If voltage and frequency in grid connected mode is V and f, load active power (6), 
reactive power (7) and load impedance (8) at UPF can be written as 





2 
V 
P, =— (6) 
LR 
o,-(2 -i0¢ (7) 
oL 
y2 


(8) 





zz|= AP + Pyg + jAQ| 


When the CB is opened the system is in islanding condition, in islanding mode, we can write the change in 
voltage (9) and frequency (10) as 


(9) 








af oO o a AQ (10) 


When the system is changing its state from grid connected mode to islanding state the voltage (9) 
and frequency (10) at PCC are changed due to small changes in active and reactive power. The proposed 
algorithm should be capable to sense these changes; else it leads to incorrect results. 
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The proposed hybrid islanding technique uses the combined features of the passive ROCOF method 
and reactive power injection based active method. It identifies the small change in frequency and injects the 
reactive power in a suitable direction to detect islanding. To inject the reactive power in a positive or 
negative direction d-q reference frame controller is used, which is shown in Figure 4. 
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Low frequency current 
injection via Iq controller 





Figure 4. Controller circuit for grid integration and reactive power injection 


In grid connected operation, the d-q controller [24] injects reactive power at UPF and it cannot 
affect the power quality. During islanding, this controller injects reactive power in the proper direction to 
detect islanding. Phase locked loop (PLL) is used to find the frequency changes, if the ROCOF is increasing; 
the controller injects the reactive power in the positive direction so that ROCOF increases at point B, shown 
in Figure 5. After some delay time, at point C, the q controller injects the reactive power in the reverse 
direction, so that ROCOF is negative and becomes zero at point D. At point D, the islanding is detected. 


ROCOF> 0 ROCOF< 0 





B a 
48.5 Hz 


Islanding detected 


Figure 5. Proposed Hybrid islanding detection technique 


The flow chart of the proposed hybrid technique is shown in Figure 6. At PCC the PLL finds the 
changes in frequency. If the system is in the grid connected mode, there are no changes in frequency. If the 
system is islanded, the frequency will change and reactive power is injected by d-q controller. If the ROCOF 
is increasing or decreasing, the direction of reactive power is changed. If the direction of reactive power is 
reversed, the ROCOF is reversed and become zero at some point (D) where islanding is detected. 

The advantages of this technique are: 

(a) It can detect islanding at zero power balanced islanding and ZDZ is almost zero. 
(b) It cannot inject reactive power continuously, so power quality cannot be degraded. 
(c) This is a simple technique and can be implemented easily with d-q controller. 

(d) The reactive power required is very less compared to other active methods. 


4. COMPUTER SIMULATION RESULTS 

The test system shown in Figure | is simulated in MATLAB-2016a. Different cases of islanding are 
studied with different active and reactive powers. The proposed hybrid method detects islanding with 
ROCOF analysis and reactive power injection based ROCOF analysis. It is found that, the proposed method 
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can detect islanding even at small or zero power balanced islanding and also works inside the conventional 
ROCOF relay. The computer simulations voltage, current, frequency and ROCOF of a conventional ROCOF 
relay are shown in Figure 7. When the load is capacitive load, firstly negative reactive power is injected 
which results, decrease in ROCOF, and when it starts decreasing positive reactive power is injected which 


results in increase in ROCOF and islanding is detected. 


Frequency (HZ) 


Figure 7. Simulation results of conventional ROCOF relay Voltages, Currents, Frequency and ROCOF 
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Similarly Figure 8, shows the simulated results for 33% active power and 5% capacitive reactive 
power load. The simulation results for 66% active power and 5% inductive load are shown in Figure 9. When 
the load is inductive load, first the reactive power is injected in a positive direction, which results increase in 
ROCOF. When the ROCOF starts increasing, the injected reactive power is reversed, which results the 
ROCOF decreasing. When the ROCOF is negative the islanding is detected. Similarly the simulation results 
in Figure 10 are recorded for 33% active power and 5% inductive reactive power load. Figure 11 and 12 
shows the simulation results for 66% and 100% active power load without reactive power. This result shows 
that an islanding can be detected with this method even at low or zero power balanced islanding. 
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Figure 8. Computer simulation result for 33% active Figure 9. Computer simulations for 66% active 
power and 5% capacitive reactive load power and 5% inductive reactive power load 
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Figure 12. Computer simulations for 100% active power load and zero reactive power load 
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5. CONCLUSION 

In this paper a new hybrid passive islanding detection method is presented in grid integrated solar 
PV system with ROCOF analysis and reactive power injection based ROCOF analysis. When the passive 
ROCOF analysis identifies the changes in frequency after islanding, the islanding is confirmed by the 
reactive power injection based active method. For capacitive loads, first the reactive power is injected in a 
positive direction which leads to ROCOF variation in a positive direction. When ROCOF is increasing in a 
positive direction, the controller identifies and injects the reactive power in a negative direction. Now the 
ROCOF decreases in negative direction and islanding is detected. For inductive loads, first the reactive 
power is injected in negative direction which leads to ROCOF variation in a negative direction. 
When ROCOF is decreasing in negative direction, the controller identifies and injects the reactive power in a 
positive direction. Now the ROCOF increases in a positive direction and islanding is detected. 
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